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Ink supply device.

@ An ink unit (22) for storing ink includes a
porous member (30) impregnated with ink and a
film (34) wrapped around the porous member. A
container (20) has an opening (21) for allowing
insertion and removal of the ink unit into and
from the container and a lid (24) adapted to
engage with the opening of the container. When
the ink unit is inserted into the container, an
O-ring (36) engages with a projecting portion,
and the film is burst by the projecting portion
(28) causing the porous member to abut against
a filter (29). Then, the lid (24) is fitted to the
opening of the foam storing case. Thus, the ink
unit is quickly and neatly replaced, and the ink
impregnated in the replaced ink unit can be
supplied to a print head (16).

29 \
28 20

26

/

Jouve, 18, rue Saint-Denis, 75001 PARIS




1 EP 0 633 138 A2 2

The present invention relates to an ink supply de-
vice for supplying ink to a print head.

An ink supply device is disclosed in United States
Patent No. 4,771,295, for example. The ink supply de-
vice is a head integrated-type ink cartridge having an
ink tank to which a print head for jetting ink is integrally
mounted. A porous member (which will be hereinafter
referred to as a "foam" member) impregnated with the
ink is provided inside the ink tank. The ink tank is pro-
vided with an ink supply passage for communication
between the print head and the inside of the ink tank.
Afilter is disposed at one end (an ink supply opening)
of the ink supply passage opening into the ink tank.
Further, the ink tank is provided with an atmospheric
air communication hole for communication between
the inside of the ink tank and atmospheric air. The ink
cartridge is mounted on a carriage. The carriage is re-
ciprocated, and simultaneously the print head is driv-
en to jet the ink, thereby printing desired data on print-
ing paper.

Thus, the foam member impregnated with the ink
is enclosed in the ink tank. As compared with an ink
cartridge that has only the ink enclosed in the ink
tank, the above-mentioned ink cartridge with an
open-type ink supply mechanism effectively prevents
the leakage of the ink from the atmospheric air com-
munication hole owing to the ink retentivity of the
foam member. Furthermore, the ink cartridge buffers
a pressure fluctuation in the ink tank caused by move-
ment of the ink due to acceleration upon reciprocation
of the carriage.

However, the print head and the ink tank are in-
tegral with each other in the head integrated-type ink
cartridge mentioned above. Accordingly, in replacing
the ink cartridge with another one after fully using the
ink, the print head is unavoidably thrown away. As a
result, a user must bear the cost of a new print head,
thus increasing a running cost.

In recent ink jet printers considering such a prob-
lem, an ink cartridge having a replaceable ink tank
has been used so that only the ink tank can be re-
placed with another one. Fig. 6 shows such an ink car-
tridge in schematic section.

As shown in Fig. 6, an ink cartridge 61 includes
an ink tank 56 as a resin case and a foam member 52
impregnated with ink. The foam member 52 is en-
closed in the ink tank 56. The ink tank 56 is provided
with an ink supply opening 60 for supplying the ink to
a print head 50 for jetting the ink. A filter 54 is dis-
posed atthe ink supply opening 60. The foam member
52 is in close contact with the filter 54. An atmosphe-
ric air communication hole 58 is formed through a wall
of the ink tank 56 on a side opposed to the filter 54.

The ink cartridge 61 is removably connected to
the print head 50 fixed to a carriage (not shown).
When the ink in the print head 50 is consumed by
printing, suction maintenance, etc., the ink in the foam
member 52 is supplied through the filter 54 to the print
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head 50. When the ink in the foam member 52 is con-
sumed, the atmospheric air is introduced from the at-
mospheric air communication hole 58 into the foam
member 52, thus ensuring full use of the ink and buf-
fering a rapid pressure fluctuation occurring in per-
forming the suction maintenance or the like.

With this structure, the ink cartridge 61 only can
be replaced with another one, and the print head 50
can be repeatedly used within its allowable service
life. Thus, as compared with the above-mentioned
head integrated-type ink cartridge having the print
head and the ink tank integral with each other, the run-
ning cost can be reduced.

However, to further reduce the running cost of the
ink cartridge 61, it is necessary to provide an ink ex-
changing means at a low cost. Also, it is required that
the user can exchange the ink easily without staining
his/her hands.

As such ink exchanging means, there has been
proposed a method of injecting the ink by using an in-
jector or the like as disclosed in United States Patent
No. 4,589,000. In applying this method using the in-
jector to the ink cartridge 61 to supply the ink into the
foam member 52, the foam member 52 continues to
be used. Accordingly, the foam member 52 deterior-
ates by the injector in the course of repeatedly sup-
plying ink and is broken into fine fragments. The fine
fragments of the foam member 52 are introduced to
the filter 54 together with the ink, thus blocking the fil-
ter 54 or entering the print head 50 causing deterior-
ation in print quality. Further, there is a possibility of
dust entering the foam member 52 upon injection by
the injector causing deterioration in print quality.

When the same injector is repeatedly used to
supply ink from an ink container storing a large
amount of ink to the ink cartridge 61, good quality ink
may not be maintained because of a change in con-
centration of the ink, solidification of the ink, or entry
of dust or the like in the injector or the ink container.
This problem has conventionally been eliminated by
closely storing the ink in the injector and only using
the injector once for the supply of the ink to the ink car-
tridge 61. However, since the injector is thrown away
after use continuously replacing the injector increas-
es costs.

According to the present invention, there is pro-
vided an ink supply device for supplying ink to a print
head and including:-

a container for ink having an ink supplying pas-
sage by which ink can be supplied from the container,

an ink unit to be received in the container and
comprising a porous member impregnated with ink
end wrapped with a film.

The container of the ink supply device is prefer-
ably provided with an opening for insertion and re-
moval of the ink unit and;

a lid removably engaging the opening. Advan-
tageously, the lid has a puncturing portion for punc-
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turing the film of the ink unit and an air communication
hole for providing communication between the porous
member and atmospheric air. Further, it is preferable
to include a spacer, which may be a grid member, de-
fining a space between the porous member and the
film member on a side of the ink unit facing the lid.

Beneficially, the ink supply passage communi-
cates with a print head on which the container is lo-
cated. The porous member is preferably compressed
in an area adjacent to the ink supply passage when
inserted into the container.

In the ink supply device of the present invention
thus constructed, the foam unit having the porous
member impregnated with the ink and the film mem-
ber wrapping the porous member can be inserted into
and removed from the foam storing case through the
opening thereof. Further, the lid is engaged with the
opening of the foam storing case.

As apparent from the above description, accord-
ing to the ink supply device of the present invention,
the foam unit with an ink impregnated porous member
and a wrapping film member is removably stored into
the foam storing case from the opening thereof, and
the lid is engaged with the opening of the foam storing
case. Accordingly, the exchange of the ink can be per-
formed by replacing only the foam unit with a new one.
That is, the foam storing case for storing the foam unit
can be reused without being thrown away, unlike the
prior art wherein a case storing a foam member im-
pregnated with ink must be thrown away after the ink
is fully used. Thus, the cost of a new case is unnec-
essary thereby reducing the running cost. Further,
since the porous member impregnated with ink is
wrapped with the film member, there is no possibility
that the user may touch the porous member to stain
his/her hands.

The present invention will be further described
hereinafter with reference to the following description
of an exemplary embodiment and the accompanying
drawings in which:

Fig. 1 is an exploded side sectional view showing
an ink supply device in a preferred embodiment ac-
cording to the present invention.

Fig. 2 is a schematic perspective view showing
an ink jet printer including the ink supply device shown
in Fig. 1.

Fig. 3 is a perspective view showing a spacer pro-
vided in the ink supply device shown in Fig. 1.

Fig. 4 is a bottom plan view showing a foam unit
provided in the ink supply device shown in Fig. 1.

Fig. 5 is a side sectional view showing the ink
supply device shown in Fig. 1 in an assembled condi-
tion.

Fig. 6 is an exploded side sectional view showing
an ink supply device in the prior art.

As shown in Fig. 2, a carriage 12 is slidably
mounted on a shaft 14 to reciprocate along the width
of a recording paper 11. A print head 16 (see Fig. 1)
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for jetting ink is mounted on the carriage 12. Further,
a foam storing case 20 connected to the print head 16
is also mounted on the carriage 12. Recording of de-
sired data onto the recording paper 11 is performed
by reciprocating the carriage 12 and simultaneously
driving the print head 16 to jet the ink onto the record-
ing paper 11.

As shown in Fig. 1, the print head 16 includes a
nozzle portion 2, a piezoelectric element 4, and an
electric connector 6. The piezoelectric member 4 and
the connector 6 are connected together by a signal
line (not shown). An electric signal corresponding to
image information to be recorded is supplied to the
connector 6 from outside the print head 16. When the
electric signal is supplied, the piezoelectric element
4 is driven to jet the ink from the nozzle portion 2.

Referring to Fig. 1, the foam storing case 20 is
provided with an opening 21 from which a wrapped
ink impregnated foam unit 22 can be stored or re-
moved. Further, the foam storing case 20 is formed
with an ink supply passage 26 for supplying the ink to
the print head 16. The ink supply passage 26 commu-
nicates at one end thereof with the print head 16 to
form an ink channel leading to the nozzle portion 2.
The other end of the ink supply passage 26 leads to
an upper end of a projecting portion 28 projecting into
the foam storing case 20 from the inner wall thereof.
The upper end of the projecting portion 28 has an
opening serving as an ink supply opening 27. Afilter
29 formed of stainless steel or the like is mounted on
the upper end of the projecting portion 28. The filter
29 preferably has an aperture size of 20 um or less.

The foam unit 22 includes a foam member 30 im-
pregnated with ink, a spacer 32, and a film 34 such
as a high-molecular resin film, tightly wrapped around
the foam member 30 and the spacer 32. The film 34
is provided with a handling member 35, such as a tab
or pull-strip, identical in material with the film 34. The
handling member 35 is designed to be easily picked
up by a user so that the user can easily draw the foam
unit 22 out of the foam storing case 20. The foam
member 30 functions to buffer a pressure fluctuation
in the foam storing case 20 caused by movement of
the ink due to acceleration upon reciprocation of the
carriage 12. The spacer 32 preferably has a shape as
shown in Fig. 3, and it functions to smooth the intro-
duction of atmospheric air into the foam member 30.
As shown in Fig. 3, the spacer 32 is constructed of
four bar members 33 forming a grid portion. The grid
portion is provided with four recesses 71 to uniformly
communicate the atmospheric air over the surface of
the foam member 30 exposed to the spacer 32.

As shown in Fig. 4, an O-ring 36 is bonded to the
film 34 on an under portion to engage with the project-
ing portion 28 of the foam storing case 20 upon inser-
tion of the foam unit 22 into the foam storing case 20.
In bonding the O-ring 36, an excess amount of adhe-
sive is applied to the lower surface of the foam unit 22
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to form a thick applied portion 37 as shown by a dash-
ed line in Fig. 4 with enhanced strength. The strength
of the thick applied portion 37 is set to a value notless
than 1.5 times the strength of the film 34.

Alid 24 seen in Fig. 1 is removably engaged with
the foam storing case 20 at the opening 21. The lid 24
is provided with a inwardly projecting portion 38 de-
fining an atmospheric air communication hole 39 and
an inwardly projecting portion 40 for depressing the
foam unit 22. Further, the lid 24 has an O-ring 42 as
a sealing member for sealing the opening 21 when en-
gaging the lid 24 with the foam storing case 20. The
assembled ink supply device is shown in Fig. 5.

In operation of the ink supply device, the foam
unit 22 is replaced with a new one in the following
manner.

First, the lid 24 engaged with the opening 21 of
the foam storing case 20 is removed, and the foam
unit 22 stored in the foam storing case 20 is drawn out
by pulling the handling member 35. Then, another
new foam unit 22 is inserted into the foam storing case
20. During the insertion of the foam unit 22, the O-ring
36 first comes into engagement with the projecting
portion 28. The film 34 is then burst by the projecting
portion 28. As a result, the foam 30 abuts against the
filter 29 as shown in Fig. 5. In this preferred embodi-
ment, the strength of the film 34, the hardness of the
foam member 30, and the shape of the projecting por-
tion 28, are designed so that when the force applied
to the foam unit 22 during insertion into the foam stor-
ing case 20 is about 1.5 kgf or greater, the film 34 is
burst.

The O-ring 36 functions not only to guide the pro-
jecting portion 28 into position but also to enhance
sealability so that the ink contained in the foam unit
22 does not leak. Thereby, the ink is prevented from
sticking to the inner wall of the foam storing case 20.
Further, the O-ring 36 functions also to hold the pro-
jecting portion 28 by its own elastic force and thereby
prevents the foam unit 22 from being released from
the projecting portion 28 by the elastic force of the
compressed foam member 30.

Even when the film 34 is burst by the projecting
portion 28, the thick applied portion 37 shown in Fig.
4 is not burst because the strength of the thick applied
portion 37 is higher than that of the film 34. Therefore,
the thick applied portion 37 retains the burst portion
of the film 34 as shown in Fig. 5 adjacent to the pro-
jecting portion 28. Thus, the burst portion of the film
34 is prevented from covering and closing the filter
29.

It is preferable to preliminarily set an internal
pressure in the foam unit 22 higher than the atmos-
pheric pressure. In this case, when the film 34 is burst
by the projecting portion 28, the ink contained in the
foam unit 22 is automatically introduced into the ink
supply passage 26. Alternatively, itis preferable to set
a volume of the foam member 30 of the foam unit 22
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larger than a capacity of the foam storing case 20. In
this case, when the foam unit 22 is inserted into the
foam storing case 20, the foam member 30 is com-
pressed, which increases the internal pressure in the
foam unit 22. Accordingly, the ink is similarly intro-
duced into the ink supply passage 26.

After the foam unit 22 is completely inserted into
the foam storing case 20, the lid 24 is brought into en-
gagement with the opening 21 of the foam storing
case 20. At this time, the projecting portion 38 on the
lid 24 bursts the film 34. The lower end of the project-
ing portion 38 is located inside the grid portion of the
spacer 32 as shown in Fig. 5, so that the atmospheric
air communication hole 39 is brought into communi-
cation with the inside of the foam unit 22. Accordingly,
atmospheric air is supplied to the foam member 30,
and the ink contained in the foam member 30 is there-
fore smoothly supplied to the print head 16. Similar to
the formation of the thick applied portion 37, a
strength enhanced portion may be provided on the
film 34 at a portion to be burst by the projecting por-
tion 38, so as to prevent the burst portion of the film
34 from completely breaking free and closing the at-
mospheric air communication hole 39.

The atmospheric air is smoothly introduced from
the atmospheric air communication hole 39 into the
foam member 30 through the space defined between
the foam member 30 and the film 34 by the spacer 32.
As compared with the case when the spacer 32 is ab-
sent, the ink contained in the foam member 30 can be
more fully used, and a rapid pressure fluctuation oc-
curring in suction maintenance or the like can be
more buffered.

Further, the spacer 32 ensures a sufficient space
between the foam member 30 and the lid 24 to reduce
a capillary force between the foam member 30 and
the lid 24. Thereby, the ink is prevented from flowing
out through the atmospheric air communication hole
39.

When the lid 24 is engaged with the opening 21
of the foam storing case 20, the projecting portion 40
depresses the foam member 30 through the film 34
to thereby introduce the ink into the ink supply pas-
sage 26 and simultaneously prevent the foam mem-
ber 30 from separating from the filter 29.

In the replacement of the foam unit 22 mentioned
above, there is a possibility that air bubbles may enter
the ink supply passage 26 from the filter 29. To cope
with this possibility, the air bubbles are sucked with
the ink from the nozzle portion 2, thereby removing
the air bubbles in the ink supply passage 26. If the air
bubbles reside in the print head 16, a pressure wave
in jetting of the ink is damped by the compressibility
of the air bubbles to reduce a print quality. According-
ly, such suction maintenance to suck the air bubbles
with the ink is necessary. To shorten maintenance
time and reduce a suction amount of the ink in suction
maintenance, it is desirable that the volume of the ink
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channel leading from the foam member 30 to the noz-
zle portion 2 is set as small as possible. In this pre-
ferred embodiment, even if the air bubbles enter the
ink supply passage 26 from the filter 29 during re-
placement of the foam unit 22, the ink is also intro-
duced into the ink supply passage 26 by the replace-
ment of the foam unit 22, thereby feeding the air bub-
bles toward the print head 16. As aresult, the volume
of the ink channel from the nozzle portion 2 to the air
bubbles can be reduced. Accordingly, the removal of
the air bubbles by the suction of the ink can be secure-
ly performed, and the suction amount of the ink for the
removal of the air bubbles can be reduced.

As the filter 29 is brought into pressure contact
with the foam member 30, dust or the like can be pre-
vented from entering the print head 16. Furthermore,
in the case where the filter 29 has an aperture size
as mentioned above, even if the air bubbles in the
foam member 30 come into contact with the filter 29,
the entry of the air bubbles into the ink supply pas-
sage 26 can be prevented by the surface tension of
the ink acting on its interface formed at the openings
of the filter 29. This effect depends upon the surface
tension of the ink to be used. However, it can be en-
hanced by suitably modifying the aperture size of the
filter 29. Further, the shape of the foam member 30
may be suitably designed to exhibit a capillary force
of the foam member 30 and the above-mentioned ef-
fect of preventing the entry of the air bubbles, thereby
allowing printing in any attitude and greatly improving
a general-purpose applicability of the printer.

As mentioned above, the exchange of the ink is
performed by removing the foam unit 22 from the
foam storing case 20 and then inserting a new one
therein. Accordingly, the running cost can be reduced
as compared with the prior art wherein the ink car-
tridge 61 (see Fig. 6) is replaced with a new one. Fur-
ther, the user can easily exchange the ink without
staining his/her hands. In addition, since the foam unit
22 is replaced with a new one, dust or the like having
entered from the atmospheric air communication hole
39 sticks to the foam member 30, and is removed to-
gether with the foam member 30. Accordingly, dustor
the like having entered from the atmospheric air com-
munication hole 39 is prevented from reaching the
print head 16, thus having no influence upon ink jet-
ting and ensuring a good print quality.

The film 34 of the foam unit 22 is first burst by the
projecting portion 28 of the foam storing case 20
when the foam unit 22 is inserted into the foam storing
case 20. Accordingly, there is no possibility that the
user may touch the foam member 30 impregnated
with the ink to stain his/her hands or the like.

In this preferred embodiment, the film 34 is burst
by the projecting portion 28 when the force applied to
the foam unit 22 in inserting the foam unit 22 into the
foam storing case 20 is 1.5 kgf or more. However, the
film 34 may be burst with a force lower than 1.5 kgf
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by suitably designing the strength of the film 34, the
hardness of the foam member 30, and the shape of
the projecting portion 28.

In this preferred embodiment, the thick applied
portion 37 is provided at a portion of the film 34 to be
burst by the projecting portion 28 to prevent the burst
portion of the film 34 from closing the filter 29 mount-
ed on the tip of the projecting portion 28. As a modi-
fication, the tip of the projecting portion 28 may be so
shaped as to incline with respect to the foam unit 22.
In this case, when the foam unit 22 is inserted into the
foam storing case 20, the film 34 of the foam unit 22
first comes into contact with the front edge of the in-
clined tip of the projecting portion 28 and is burst by
the inclined tip from a position contact with the front
edge. Accordingly, the separation of the burst portion
from the film 34 does not occur to thereby prevent the
closing of the filter 29. As another modification, the
tip of the projecting portion 28 may be provided with
a projection to burst the film 34 of the foam unit 22 so
as not to close the filter 29.

In this preferred embodiment, when the foam unit
22 is inserted into the foam storing case 20, the film
34 is burst by the projecting portion 28. As a modifi-
cation, when the lid 24 is brought into engagement
with the opening 21 of the foam storing case 20, the
film 34 may be burst by the projecting portion 28.

While advantageous embodiments have been
chosen toillustrate the invention, it will be understood
by those skilled in the art that various changes and
modifications can be made therein without departing
from the scope of the invention as defined in the ap-
pended claims.

Claims

1. An ink supply device for supplying ink to a print
head and including:-

a container (20) for ink having an ink sup-
plying passage (26) by which ink can be supplied
from the container,

an ink unit (22) to be received in the con-
tainer and comprising a porous member (30) im-
pregnated with ink and wrapped with a film (34).

2. Anink supply device according to claim 1, where-
in the container (20) has an opening (21) for in-
sertion and removal of said ink unit (22) and

a lid (24) removably engaging said open-
ing (21).

3. The ink supply device according to claim 2,
wherein said lid has a puncturing portion (38) for
puncturing said film (34) of said ink unit and an
air communication hole (39) for providing commu-
nication between said porous member and at-
mospheric air.
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The ink supply device according to claim 2 or 3 in-
cluding a spacer (32), which may be a grid mem-
ber, defining a space between said porous mem-
ber and said film member on a side of said ink unit
facing said lid.

An ink supply device according to any one of
claims 1 to 4, wherein the ink supply passage
communicates with a print head on which the con-
tainer is located.

An ink supply device according to any one of
claims 1 to 5 wherein the porous member is com-
pressed in an area adjacent to the ink supply pas-
sage when inserted into the container.

The ink supply device according to claim 6,
wherein said container has a interiorly projecting
portion (28) forming the ink supply passage (26),

whereby when said ink unit is inserted into
said container, said ink unit can be compressed
by said projecting portion (28), and said film
member of said foam unit can be burst by said
projecting portion (28) to allow the ink contained
in said porous member to be supplied through
said ink supply passage.

The ink supply device according to claim 7, fur-
ther comprising a filter (29) provided on said pro-
jecting portion (28) that abuts against said ink
unit.

The ink supply device according to claim 7 or 8,
wherein said projecting portion has an angled
surface such that said ink unit is non-uniformly
depressed by said projecting portion.

An ink supply device according to claim 7, 8 or 9,
wherein the ink supply passage has a pointed
end.

The ink supply device according to any one of
claims 7 and 10 further comprising a sealing
member (36) provided on said ink unit positioned,
in use, adjacent to said projecting portion for seal-
ing said ink unit to said projecting portion, the
sealing member preferably being an O-ring to en-
gage the projection portion sealingly and prefer-
ably being adhesively secured.

The ink supply device according to any one of
claims 7 and 11 further comprising strengthening
means (37) for enhancing the strength of said
film of said ink unit in an area depressed by said
projecting portion.

The ink supply device according to claim 12,
wherein said strengthening means (37) compris-
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14.

15.

16.

17.

18.

10

es a coating of adhesive on said film member.

The ink supply device according to any one of the
claims 7 to 13, wherein said lid (24) has a project-
ing portion (40) opposed to said projecting por-
tion (28) of said container.

The ink supply device according to any one of the
previous claims, wherein the volume of said por-
ous member of said ink unit is larger than the ca-
pacity of the container, whereby when said ink
unit is inserted into said container, said porous
member is compressed.

The ink supply device according to any one of the
previous claims, wherein an internal pressure in
said ink unit is set higher than atmospheric pres-
sure.

The ink supply device of any one of the previous
claims, wherein the porous member has an initial
internal volume greater than the normal capacity
of the wrapping film so that the porous member
is compressed.

The ink supply device according any one of the
previous claims, wherein said ink unit further
comprises a handling member for removing said
ink unit from said container.
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